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(54) Wearable human motion applicator 

(57) An improved human motion applicator assures 
a quick and sufficient amount of displacement given to 
a part of a human body. The applicator includes a sup- 
port adapted to be fitted on the part of the human body. 
The support carries at least one electro-active elastic 
actuator in a force-transmitting relation to the human 
part. The actuator includes a dielectric core and a pair 
of electrodes on opposite of the core for receiving a driv- 


ing DC voltage thereacross. The elastic actuator has a 
length and elastically deforms in the lengthwise direc- 
tion to exert a stretching force to the human part to a 
greater extent as the driving DC voltage increase. The 
applicator also includes a controller which applies the 
driving DC voltage of varying levels to the elastic actu- 
ator, thereby generating a varying motion-inducing force 
to be applied to the part of the human body. 
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Description 

TECHNICAL FIELD 

[0001] The present invention is directed to a wearable 
human motion applicator, and more particularly to a hu- 
man motion assisting or inducing device utilizing an. 
electro-active elastic actuator. 

BACKGROUND ART 

[0002] Human motion applicator is proposed in Japa- 
nese Patent Early Publication No. 2002-48053 which 
utilizes a memory shape alloy which deforms in re- 
sponse to heat generated by application of electric cur- 
rent for giving a stretching or contracting force to thereby 
assist a motion intended by a human body. However, 
due to a limitation to the amount of the displacement 
and a response speed given to the memory shape alloy, 
the prior art motion applicator is found insufficient in that 
it is not completely in match with an actual need of as- 
sisting or inducing the human motion. 

DISCLOSURE O- THE INVENTION 

[0003] The above insufficiency has been reduced in 
the present invention which provides an improved hu- 
man motion applicator which assures a quick and suffi- 
cient amount of displacement given to a part of a human 
body. The human motion applicator in accordance with 
the present invention includes a support adapted to be 
fitted on the part of the human body. The support carries 
at least one electro-active elastic actuator in a force- 
transmitting relation to the part of the human body. The 
elastic actuator includes a dielectric core and a pair of 
electrodes on opposite of the core for receiving a driving 
DC voltage thereacross. The elastic actuator has a 
length and elastically deforms in the lengthwise direc- 
tion to exert a stretching force to the human part to a 
greater extent as the driving DC voltage increases. The 
applicator also includes a DC voltage source for provid- 
ing the driving DC voltage and a controller which applies 
the driving DC voltage of varying levels to the elastic 
actuator, thereby generating a varying motion-inducing 
force to be applied to the human part. Accordingly, the 
elastic actuator can give quick and sufficient amount of 
deformation to the part of the human body, giving con- 
sistent and smooth motion sufficient for assisting or in- 
ducing the motion as intended by the human. 
[0004] Preferably, the support is made of a flexible 
material and is adapted to be fitted around the part, giv- 
ing a tubular configuration surrounding the part. The ac- 
tuator is secured to the flexible support so as to deform 
elastically together with the support. Thus, the force 
generated at the actuator can be successfully transmit- 
ted to the part of the human body without being substan- 
tially interfered with the support. 
[0005] The applicator is preferred to include a motion 


sensor which senses a motion of the human part being 
made and provides a motion signal indicative of a quan- 
tity of the motion. In response to the motion signal, the 
controller applies the driving DC voltage of a level spe- 
5 cific to the motion signal so as to give the force of suit- 
able strength for assisting or impeding the motion. 
[0006] Instead of the motion sensor, the applicator 
may be equipped with a signal generator which gener- 
ates a random signal indicative of the driving DC voltage 
to varying randomly. In response to the random signal, the 
controller applies to the actuator the driving DC voltage 
which varies randomly such that the actuator exerts the 
randomly varying force to the applicator, which compels 
the humanto generate a counterforce andtherefore pro- 
's vides a muscle training or rehabilitation capability. 
[0007] In a preferred version, the applicator includes 
a direction sensor which senses a direction of a motion 
being made at the human part to provide a direction sig- 
nal indicative of the direction of the motion, and a selec- 
20 tor which activates one of a motion-assisting mode and 
a motion-training mode given to the controller. In the mo- 
tion-assisting mode, the controller is responsive to the 
direction signal for giving the driving DC voltage of a lev- 
el that deforms the elastic actuator in a direction of as- 
25 sisting the human motion being made. In the motion- 
training mode, the controller is responsive to the direc- 
tion signal for giving the driving DC voltage of a level 
that deforms the elastic actuator in a direction of oppos- 
ing the human motion being made. With this arrange- 
so ment, the applicator can be utilized selectively as a hu- 
man motion assisting device or a human motion training 
device. 

[0008] In order to make the applicator well adapted 
for assisting a joint motion of the human body, the ap- 

35 plicator includes the support which is configured to be 
fitted around a joint of the human body, and includes a 
motion sensor which senses a direction and a quantity 
of the motion being made around the joint to provide a 
motion signal indicative of the direction and the quantity 

40 of the motion. In response to the motion signal, the con- 
troller applies the driving DC voltage of a level deforming 
the elastic actuator in a direction of assisting the bending 
or unbending of the joint. 

[0009] For successfully assisting the joint motion, the 
45 support is made to have a tubular configuration having 
a lengthwise axis when fitted around the joint, and car- 
ries a pair of the elastic actuators at diametrically oppo- 
site ends of the tubularsupport about the lengthwise ax- 
is, one at the front side and the other at the rear side of 
50 the joint. In response to the motion signal, the controller 
selects one of the elastic actuator and applies thereto 
the driving DC voltage of a level expanding the same 
elastic actuator in a direction of assisting the bending or 
unbending the joint. This technique is in consistent with 
55 the actuator joint motion and assures a smooth and 
comfortable motion assistance. 

[001 0] Further, the controller may be configured to be 
responsive to the motion signal for selecting one of the 
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elastic actuators and applying thereto the driving DC 
voltage of a high level expanding the same elastic ac- 
tuator and at the same time applying to the other elastic 
actuatorthe driving DC voltage of a low level contracting 
it from an expanded condition for assisting the bending 5 
or unbending of the joint. The two resulting forces gen- 
erate a force couple around the joint to facilitate the joint 
motion. 

[001 1 ] The applicator of the present invention can be 
also utilized for reducing a distortion about a torso of the 10 
human body. For this purpose, the support is shaped 
into a tubular configuration having a lengthwise axis to 
be fitted around the torso. The support carries a pair of 
the elastic actuators each shaped into a band extending 
around the lengthwise axis. The two actuators or bands 1$ 
extend at different angles with respect to the lengthwise 
axis to cross with each other A motion sensing means 
is included in the applicator to sense amounts of strains 
or the torso respectively about the lengthwise axis and 
a horizontal axis perpendicular to the lengthwise axis, 20 
and provides a strain signal indicative of the amounts of 
the strains. In response to the strain signal, the controller 
gives to the elastic actuators respectively the driving DC 
voltages of varying level in order to elastically deform 
the elastic actuators in a direction of reducing the 25 
amounts of the strain. 

[0012] For the applicator equipped with the motion 
sensor, the controller is preferred to include a table stor- 
ing a plurality of programs respectively assigning differ- 
ent levels of the driving DC voltage to the sensed quan- 30 
tity of the motion. A program selector is included in the 
applicator to select one of the programs for deforming 
the actuator in accordance with the selected program. 
Thus, the applicator can be easily tailored to individuals 
of different muscle strengths. 55 
[001 3] The elastic actuator may be realized by at least 
one fiber each composed of the dielectric core of a hol- 
low cylinder and the electrodes disposed respectively 
on the exterior and interior surfaces of the cylinder. 
Thus, the actuator can be given along its length a pref- 40 
erence direction of deformation, while the electrodes 
can be given a large specific surface with respect to a 
cross section of the dielectric core, thereby increasing 
the electro-active force of deforming the actuator along 
its length with a minimum DC voltage, and therefore as- 45 
suring efficient power drive. The dielectric core of the 
hollow cylinder may be filled with the interior electrode 
in order to minimize the diameter of the fiber. Preferably, 
the outer electrode is surrounded by a dielectric sheath. 
Further, a plurality of the fibers with the dielectric sheath 50 
may be packed together to form a single deformable 
module. 

[0014] In order to bring the actuator itself well adapted 
to the contour of the part of the human body, at least 
one strand of the fiber is woven into a knitted structure 55 
showing its own resiliency that is additive to the elastic 
deformability given to the fiber. In this connection, the 
elastic actuator or the fiber can be knitted into a cylin- 


drical configuration so as to be fitted around the part of 
the human body. The knitted fiber of the cylindrical con- 
figuration may fit intimately on the flexible support of the 
analogous cylindrical configuration or may define itself 
a major part of the support. 

[0015] The fiber may be coiled to define the elastic 
actuator of a cylindrical configuration to be fitted around 
the part of the human body. 

[0016] Further, the elastic actuator may include the di- 
electric core in the form of a resilient sheet having a front 
surface and a rear surface which are coated respective- 
ly with the electrodes. Each of the electrodes has a plu- 
rality of flexible pads which are deposited in spaced re- 
lation with each other and are electrically interconnected 
to have the same potential. With this arrangement, the 
electrode can be made to have sufficient flexibility to fol- 
low the resilient deformation of the resilient sheet, there- 
by giving improved resiliency to the whole actuator. 
[0017] Alternatively, each of the electrodes is shaped 
in the form of a perforated having a plurality of voids fro 
making the electrode flexible. 

[0018] In order to increase the strength of the force 
exerted by the actuator, the actuator can be a laminate 
in which a plurality of the meshed membrane electrodes 
are stacked alternately with a plurality of the dielectric 
cores each in the form of the resilient membrane. 
[0019] When the actuator is composed of the resilient 
dielectric sheet coated on opposite surfaces thereof re- 
spectively with the electrodes in the form of the plural 
flexible pads or the meshed membrane, the actuator can 
be shaped into a cylindrical configuration so as to sur- 
round the part of the human body, thereby facilitating 
the assembly of the applicator. 

[0020] Further, the actuator can be mechanically pre- 
compressed in one particular direction to produce a me- 
chanical spring force which is additive to the electro-ac- 
tive force generated by application of the driving DCvolt- 
age. In this manner, the actuator can have a preference 
direction of deformation in which the actuator deforms 
predominantly upon receiving the driving DC voltage, 
thereby exerting the resulting force mainly along the in- 
tended direction to the part of the human body. For this 
purpose, the electrodes on opposite surfaces of the di- 
electric core can be pre-com pressed to give the me- 
chanical spring force. 

[0021] These and still other objects and advanta- 
geous features of the present invention will become 
more apparent from the following description of the em- 
bodiments when taken in conjunction with the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

FIG. 1 is a perspective view of a wearable human 
motion applicator in accordance with a first embod- 
iment of the present invention; 
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FIG. 2 is a perspective view of an electro-active 
elastic actuator employed in the above applicator; 
FIGS. 3 A and 3B are explanatory views illustrating 
the operation of the above applicator; 
FIG. 4 is a block diagram of an electric circuit of the 5 
above applicator; 

FIG. 5 is a block diagram illustrating a feedback 
control utilized in the above applicator; 
FIGS. 6 and 7 are graphs respectively illustrating 
the operation of the above applicator; 10 
FIG. 8 is a perspective view of the above applicator; 
FIGS. 9A and 9B are schematic views respectively 
illustrating a wearable human motion applicator in 
accordance with a second embodiment of the 
present invention; 15 
FIG. 10 is a perspective view of a wearable human 
motion applicator in accordance with a third embod- 
iment of the present invention; 
FIG. 11 is a schematic view of a like actuator which 
can be utilized in the above applicator; 20 
FIGS. 12 and 13 are schematic view of a wearable 
human motion applicator in accordance with a 
fourth embodiment of the present invention; 
FIG. 14 is a block diagram showing an electric cir- 
cuitry of the above applicator; 25 
FIG. 1 5 is a perspective view of a wearable human 
motion applicator in accordance with a fifth embod- 
iment of the present invention; 
FIG.1 6 is a perspective view of an actuator utilized 
in the above applicator; 30 
FIG, 17 is sectional view of the above actuator 
shown with an insulation sheath being removed; 
FIGS. 18 and 19 are schematic views respectively 
illustrating a packed assembly of the actuator which 
may be utilized in the above applicator; 35 
FIGS. 20A and 20B are schematic views respec- 
tively illustrating an actuator of knitted structure 
which can be utilized in the applicator of the present 
invention; « 

FIGS. 21 A and 21 B are schematic views respec- 4b 
tively illustrating an actuator of cylindrical structure 
which can be utilized in the applicator of the present 
invention; 

FIG. 22 A and 22B are schematic views respectively 
illustrating a coiled actuator which can be utilized in 45 
the applicator of the present invention; 
FIG. 23 is a plan view of an actuator with a plurality 
of flexible pads which can be utilized in the applica- 
tor of the present invention; 

FIG. 24 is a schematic view illustrating an electric 50 
circuitry of the actuator; 

FIG. 25 is a schematic view of an elliptic electrode 
which can be incorporated in the above actuator; 
FIGS. 26 A and 26 B are perspective views illustrat- 
ing an actuator shaped into a cylindrical configura- 55 
tion which can be utilized in the applicator of the 
present invention; 

FIGS. 27A and 27B are view illustrating a further 


actuator with a perforated electrode which can be 
utilized in the applicator of the present invention; 
FIG. 28 is a perspective view of another actuator 
with a meshed electrode which can be utilized in the 
applicator of the present invention; 
FIG. 29 is a plan view illustrating the meshed elec- 
trode of the above applicator; 
FIG. 30 is a perspective view of a still further actu- 
ator of a laminated structure which can be utilized 
in the applicator of the present invention; and 
FIGS. 31 A and 31 B is a schematic view of an ac- 
tuator with a pre-compressed electrode that can be 
incorporated in the above actuator. 

DETAILED EXPLANATION OF THE EMBODIMENTS 

[0023] Referring now to FIG. 1 , there is shown a wear- 
able human motion applicator in accordance with a first 
embodiment of the present invention. The applicator in- 
cludes a flexible support 10 carrying a pair of electro- 
active elastic actuators 50, and a controller 30 carried 
on a user, for example, attached to clothing of the user 
or placed in a pocket of the clothing. The flexible support 
1 0 includes a main body 1 1 of a stretchable fabric adapt- 
ed to be fitted around a part such as a knee joint of the 
human body and includes fasteners 1 2fortightly holding 
the support 10 around the part. The main body 11 may 
be fabricated into a sleeve or bandage as shown in FIG. 
S. The actuator 50 is generally known as the electros- 
trictive polymer actuator and is composed of a dielectric 
core 51 made of an elastomeric polymer such as acrylic 
elastomer and silicone, and a pair of flexible electrodes 
60 on opposite surfaces of the core. As shown in FIG. 
2, the actuator 50 of the present embodiment is provided 
in the form of an elongated sheet with the electrodes 60 
spaced in a thickness direction of the sheet. The elec- 
trode 60 is formed of a mixture of carbon black and a 
precious metal filter which is dispersed in or coated on 
the surface of the polymer and is given flexibility to follow 
an elastic deformation of the polymer. Upon receiving a 
driving DC voltage across the electrodes 60, the actua- 
tor 50 is compressed in the thickness direction to resil- 
iency expand in the length and width directions as a re- 
sult of that the electrodes are attracted toward each oth- 
er. When the DC voltage is removed, the actuator 50 
returns to original dimensions, i.e., contracts by resilien- 
cy inherent to the polymer. The amount of this elastic 
deformation is proportional to the DC voltage. Thus, the 
actuator 50 can expand to a greater extent as the DC 
voltage increases and therefore contracts with decreas- 
ing DC voltage. In this connection, the controller 30 is 
configured to vary the DC voltage applied across the 
electrodes 50. 

[0024] As shown in FlGS. 3A and 3B, the support 10 
is fitted around the knee joint with the one actuator 50 
on front of the joint and the other on the rear thereof in 
order to generate a force of assisting the bending or un- 
bending of the joint. For this purpose, the applicator in- 
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• eludes a sensor 20 which is disposed inside of the sup- 
port 10 to come into contact with the skin around the 
joint for sensing the motion of the joint being made. The 
sensor 20 may be a strain gauge, myoelectric sensor, 
or pressure sensor, and monitors an instant force exert- 
ed by a thigh muscle to give an output indicative of the 
monitored result. As shown in FIG. 4, the controller 30 
includes a motion analyzer 31 which analyzes an output 
from the sensor 20 to determine the instant amount of 
the measured force as well as the direction of the force, 
Le., whether the knee is bending or unbending. That is, 
the motion analyzer 31 is cooperative with the sensor 
20 to define a motion sensor which provides a motion 
signal indicative of the amount and direction of the mo- 
tion being made at the joint by the human body. The con- 
troller 30 is configured to give the varying DC voltage 
across the electrodes 60 of the actuator for generating 
an assisting force (AF) which is proportional to and is 
less than the actual human force (HF) by a constant 
amount, as shown in FIG. 6. In view of that the muscle 
power is different for individuals, the controller 30 is 
equipped with a power table 32 which stores a plurality 
of programs respectively defining different relations be- 
tween the monitored amount of the human force (HF) 
and a target value for the assisting force (A F). A program 
selector 33 is included in the controller 30 to select one 
of the programs for providing the target value of the as- 
sisting force with regard to the monitored human force 
(HF). In accordance with the selected program, a regu- 
lator 34 responds to give a control signal to a variable 
DC voltage source 38 so as to vary the driving DC volt- 
age being applied to the actuator in a feedback manner 
based upon the target value from the power table 34, as 
shown in FIG. 5, to regulate the driving DC voltage. With 
this result, the assisting force (AF) generated by the ac- 
tuator can follow exactly the actual human force (HF), 
as shown in FIG. 7, which demonstrates the synchro- 
nous relation between the thigh muscle force represent- 
ative of the human force (HF) and the actuator output 
- representative of the assisting force (AF) both varies 
within one cycle of a walking step. The variable DC volt- 
age source 38 is accommodated within a controller 
housing 40 together with the switch 36, and is connected 
to the actuators 50 by way of a cable 41 and a detach- 
able adapter42 at one end of the support. Electrical con- 
nection from the adapter 42 to the actuators 50 are 
made through electrically conductive threads or the like 
flexible wires. 

[0025] The motion signal is also fed to a direction se- 
lector 35 where the direction of the monitored human 
force is acknowledged to determine which one of the 
actuators 50 is enabled to expand by application of the 
DC voltage defined by the selected program. That is, 
when the sensor output increases as a result of that the 
knee is bending from the position of FIG. 3A to that of 
FIG. 3 B, the direction selector 35 activates a switch 36 
to energize the actuator 50 on the front of the knee, and 
to deenergize the rear actuator, thereby expanding the 


front actuator in a direction of assisting the knee bend- 
ing. While on the other hand, when the sensor output 
decreases in correspondence to the unbending of the 
knee, the direction selector 35 activates the switch 36 
s to energize the rear actuator 50 and to deenergize the 
front actuator 50, thereby expanding the rear actuator 
for assisting the unbending motion. 
[0026] In addition to assisting the joint motion, the ap- 
plicator of the present embodiment can be utilized to 
10 strengthen the thigh muscle by generating the force op- 
posing the human motion. For this purpose, the control- 
ler 30 is programmed to provide a motion-assisting 
mode for generating the assisting force and a motion- 
training mode for generating the opposing force, and in- 

15 eludes a mode selector 37 for selecting one of the 
modes. When the motion-training mode is selected, the 
direction selector 35 acts in an opposite sense to the 
above motion-assisting mode, i.e., to activate one of the 
actuators in a direction of bending the joint when the 

20 joint is actually unbending, and vice versa. 

[0027] On the front of the controller housing 40, there 
are provided buttons 44 for selecting the modes and the 
programs, as well as a display 46 for the selected mode 
and the program. 

25 [0028] It is noted that when bending or unbending the 
joint, one of the actuators is caused to expand while the 
other actuator is caused to contract from the expanded 
condition, thereby developing a force couple about the 
joint and therefore enhancing the performance of the ap- 

30 plicator. However, it is equally possible to use only one 
actuator on the front side of the joint for expanding it in 
order to assist bending the joint since the human is re- 
quired more power when bending the joint than unbend- 
. ing it. 

35 [0029] Further, although it is preferred to dispose the 
actuator 50 on the inner surface of the support 10 for 
direct force-transmitting contact with the part of the hu- 
man body, the actuator 50 may be incorporated in the 
support 1 0 or even outer surface of the support, provid- 

40 ed that it keeps a force-transmitting relation to the part 
' of the human body through the support. 
[0030] As shown in FIG. 8, the support 10 may be pro- 
vided with two sensors 20 spaced along the length of 
the support and are utilized to give an average of the 

45 monitored results or to obtain reliable human motion da- 
ta. 

[0031] FIGS. 9A and 9B show a second embodiment 
of the present invention in which the applicator includes 
the flexible support in the form of a glove 1 0A for assist- 

so jng and/or training the finger motion. Each finger of the 
glove is provided on the palm and back sides respec- 
tively with two opposing actuators 50 A. These actuators 
on either side of the hand are electrically connected in 
parallel across the like DC voltage source so as to be 

55 energized simultaneously for. generating the forces act- 
ing together to bend or unbend the fingers. The other 
structures and operations are identical to those of the 
first embodiment. In this embodiment, the sensor may 
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be provided on anyone of the glove fingers. 
[0032] FIG. 10 shows a third embodiment of the 
present invention which is designed to reduce distortion 
about a spine of the human body and includes a cylin- 
drical torso support 1 0B wrapped around a torso of the 
human body. The torso support 1 0B is made from a flex- 
ible material and carries a pair of like actuators 50B 
which are shaped into bands extending circumferenti al- 
ly about a lengthwise axis of the support and crossing 
with each other on back of the support. Also carried on 
the support 1 0B are four sensors 20B which are provid- 
ed respectively at portions corresponding to the oppo- 
site ends of each actuator 50B so as to obtain amounts 
of strains of the torso respectively about the lengthwise 
axis as well as about a horizontal axis perpendicular to 
the lengthwise axis. The output of the sensors 20B are 
processed by a like motion analyzer as utilized in the 
embodiment of FIG. 4 to give a strain signal indicative 
of the amounts of the strains. A like controller is included 
in this embodiment to give the driving DC voltage of var- 
ying level in response to the strain signal so as to elas- 
tically deform one or two of the actuators in a direction 
of reducing the amounts of thestrains, i.e., the distortion 
of the torso. 

[0033] FIG. 11 shows another actuator 50C of a lam- 
inated structure which may be utilized in the applicator 
of the present invention. The actuator 50C includes a 
plurality of sheet-like elastic dielectric cores 51 C and a 
plurality of flat flexible electrodes 60C which are stacked 
alternately. Every alternate electrodes 60C are connect- 
ed to the same electrical potential such that all the die- 
lectric cores receive the same voltage difference to de- 
form uniformly. 

[0034] FIGS. 12 to 14 show a fourth embodiment of 
the present invention which is designed to give a mas- 
saging action to a lower limb of the human body, and 
includes a flexible tubular support 10D fitted around the 
lower limb adjacent a calf. In this embodiment, the sup- 
port 10D carries a single elastic actuator SOD of a tubular 
configuration formed on the interior and exterior surfac- 
es respectively with flexible electrodes. The tubular ac- 
tuator 50D expands in a radial direction upon receiving 
the increasing driving DC voltage across the electrodes 
and contracts as the DC voltage decreases. Thus, it is 
made to repeat generating and releasing a pressing 
force applied to the lower limb of the human body for 
giving a massaging action thereto. 
[0035] For this purpose, the controller 30D includes a 
random signal generator 39D which generates a ran- 
dom signal which is fed through a multiplier 47D to a 
voitage generator 48D where the signal is processed to 
provide the driving DC voltage of a suitable level to be 
supplied to the actuator SOD from the DC voltage source 
38D. The controller 30D includes an adjuster 49D which 
causes the multiplier 47D to adjust the level of the re- 
sulting DC voltage for varying the massaging strength. 
Although the present embodiment utilizes the random 
signal generator 39D for randomly varying the strength 


of the force being applied to the human body, it is equally 
possible to apply a definite pattern of the varying DC 
voltage or to intermittently apply the constant DC volt- 
age in order to repeat expanding and contracting the tu- 
5 bular actuator 50D for massaging the lower limb. 

[0036] It is noted that the above controller 30D can be 
utilized in the previous embodiments, instead of the con- 
troller 30 shown in FIG. 4, such that the actuator gener- 
ates a randomly varying force that is applied to bend or 
to unbend the joint, inducing the counter-action by the hu- 
man body for a training or rehabilitation purpose. 
[0037] FIGS. 15 to 17 show a fifth embodiment of the 
present invention which is identical to the first embodi- 
ment except for use of actuators 50E each in the form 
15 of a fiber having a dielectric core 51 E made of an elas- 
tomeric polymer into a hollow cylinder. The electrodes 
60E, each formed by a mixture of carbon black and a 
precious metal filter, are dispersed in or coated on the 
interior and exterior surfaces of the hollow cylinder and 
20 are given flexibility sufficient to follow the elastic defor- 
mation of the hollow cylinder. Thus, the actuator 50E ex- 
pands elastically in the lengthwise direction in propor- 
tion to the level of the driving DC voltage being applied 
the electrodes 60E. The fiber actuators 50 E are ar- 
25 ranged in an array and are secured to a front end of a 
like tubular sleeve 10E in a force-transmitting relation to 
the part of the body. The actuators 50E are electrically 
connected in parallel with each other across the DC volt- 
age source 38E to simultaneous ly deform in accordance 
so with an output from a controller 30E having an analo- 
gous configuration to that utilized in the first embodi- 
ment. In order to protect the outer electrodes 60E from 
an un desired electrical connection with an environment, 
each outer electrode 60E is surrounded by a dielectric 
35 sheath 52E. Sensors 20E are disposed interiorly of the 
support 10E for the same function as explained with ref- 
erence to the first embodiment, in the structure of the 
fiber actuator, the outer electrode is given a large spe- 
cific surface with respect to a cross section of the die- 
40 lectric core so as to increase the electro-active force of 
deforming the actuator for efficient power drive with a 
minimum power requirement. Although the illustrated 
embodiment shows the actuator of a hollow structure, 
the actuator may be formed into a solid structure in 
45 which the center bore is filled entirely with the inside 
electrode 60E. This is advantageous for reducing a di- 
ameter of the fiber actuator. 

[0038] As shown in FIGS. 18 and 19, the fiber actua- 
tors 50E may be packed together to form a single actu- 

50 ator module which is secured to the support in order to 
give an enhanced force to the part of the human body. 
[0039] Alternatively, as shown in FIGS. 20A and 20B, 
the single fiber actuator 50E may be woven into a knitted 
structure having its own resiliency that is additive to the 

55 elastic deformability given. to the fiber actuator. Since 
the knitted structure itself gives a preference direction 
of deformation, the electro-active deformation of the fib- 
er actuator can be successfully guided along the pref- 
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erence direction so as to effectively and efficiently de- 
form the actuator of knitted structure in the intended di- 
rection from the unenergized condition of FIG. 20A to 
the energized condition of FIG. 20B. Thus knitted actu- 
ator can be formed into a plan sheet secured to the sup- 
port or into a sleeve surrounding a part of the human 
body. When formed into the plan sheet, the actuator can 
be well utilized in the above-mentioned embodiments 
shown in FIGS. 1, 8, 9, and 10. When formed into the 
sleeve, the actuator can be best utilized in the embodi- 
ment shown in FIG. 12. The sleeve actuator can be se- 
cured to the tubular support or even utilized to form a 
major portion of the support. In the latter case, the sup- 
port can be designed simply for attaching the sleeve ac- 
tuator to the part of the human body. As shown in FIG. 
21 A, when the actuator 50E is knitted into a sleeve of 
which diameter becomes less towards a longitudinal 
center than at the opposite longitudinal ends, the actu- 
ator can have an increased amount of elastic deforma- 
tion along the longitudinal axis upon being energized, 
as shown in FIG. 21 B. 

[0040] Further, as shown in FIG. 22A, the fiber actu- 
ator 50E can be coiled into a cylindrical shape for sur- 
rounding the part of the human body. When energized, 
the cylinder increases its diameter as a consequence of 
the fiber actuator expanding in the circumferential direc- 
tion, as shown in FIG. 22B. Therefore, the coiled actu- 
ator can be best utilized in the embodiment of FIG. 12. 
[0041] FIGS. 23 and 24 show an actuator50F of con- 
figuration which is different from those disclosed in the 
above but can be equally utilized in the applicator of the 
present invention. The actuator 50F is composed of a 
flat dielectric core 51 F made of an elastomeric polymer 
and a plurality of flexible pads 61 disposed on opposite 
surfaces of the core 51 F. The pads 150 on each surface 
of the core are joined to have the same electrical poten- 
tial and define an electrode 60F. The pads 61 are circu- 
lar and arranged in an array so as to be evenly spaced 
along a length and width of the dielectric core. Upon be- 
ing supplied with the driving DC voltage across the elec- 
trodes, the actuator 50F is caused to firstly expand sub- 
stantially equally in the length and width direction with 
attendant deformation of the flexible pads 61. In order 
to give a preference direction of the deformation, for ex- 
ample, in the lengthwise direction, each pad 61 may be 
configured into an ellipse having its major axis aligned 
in the length of the actuator 50F, as shown in FIG. 25. 
[0042] FIG. 26A show another actuator 50G which is 
shaped into a cylindrical configuration having a diameter 
smaller towards the axial center than at the axial ends. 
The actuator 50G includes a dielectric core 51 G made 
of an elastomeric polymer and shaped into the cylinder. 
An array of flexible pads 61 are deposited on each of 
the interior and exterior surfaces of the cylinder to define 
the electrode 60G as is explained with reference to 
FIGS. 23 and 24. The cylindrical actuator 50G thus fab- 
ricated will expands largely in the axial direction with an 
attendant deformation of the flexible pads 61 , as shown 


in FIG. 26B, upon being energized, and contracts as the 
driving DC voltage decreases. The cylindrical actuator 
50G can. be best utilized to wrap the part of the body in 
order to repeatedly stretch the whole circumference of 
5 the part. 

[0043] Instead of using the flexible pads, each elec- 
trode 60H may be perforated to have an array of voids 
62, as shown in FIG. 27A, so as to be given sufficient 
flexibility in the length as well as width direction of the 

10 actuator. The actuator using thus perforated electrodes 
on either side of the dielectric core can also expand first- 
ly in the length and width direction substantially equally, 
as shown in FIG.27B, in response to the driving DC volt- 
age being applied across the electrodes 60H. 

15 [0044] FIGS. 28 and 29 show a sheet-like actuator 
50J having a pair of electrodes each defined by a 
meshed membrane, which may be utilized in the appli- 
cator of the present invention. The actuator 50J is corn- 
' posed of the elastomeric polymer sheet forming the di- 

20 electric core 51J and the electrodes 60 J of the meshed 
membrane on opposite surfaces of the core. The elec- 
trode 60J of the meshed membrane 60J is formed by a 
plurality of conductor lines intersecting with each other, 
as best shown in FIG. 29 to be given flexibility sufficient 

25 to follow the elastic deformation of the polymer or the 
dielectric core 51J. Thus, the whole actuator 50 J is per- 
mitted to expand and contract smoothly to a large extent 
upon being applied or removal of the driving DC voltage. 
It is noted in this connection that the actuator with the 

30 meshed membrane electrodes may be shaped into any 
other suitable configuration, for example, into the cylin- 
drical configuration. Further, more than two meshed 
membrane electrodes 60J may be stacked alternately 
with a corresponding number of the dielectric cores 51J 

35 to form an actuator of a laminated structure capable of 
generating great stretching and contracting force, as 
shown in FIG. 30. 

[0045] FIG. 31 A shows a further applicator 50K with 
a pre-compressed electrode 60K on either side of the 

40 dielectric core 51 K, which may be utilized in the appli- 
cator of the present invention. The electrode is made of 
a conductive wire shaped in a mechanical spring and is 
secured at its lengthwise ends respectively to the oppo- 
site longitudinal ends of the core 51 K as being com- 

45 pressed in the length direction. Thus, the actuator is giv- 
en a preference direction of deformation in which it is 
spring-biased, adding a resulting mechanical spring 
force to the electro-active force generated from the die- 
lectric core upon receiving the driving DC voltage and 

so. therefore assuring a large amount of the total deforma- 
tion made at the actuator, as shown in FIG. 31 B. 
[0046] It should be noted that the individual features 
disclosed herein with regard to the control of the appli- 
cator and the structure of the actuator can be suitably 

55 combined to present modifications which are also within 
the scope of the present invention. 
[0047] The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
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drawings may, both separately and in any combination 
thereof, be material for realising the invention in diverse 
forms thereof. 


Claims 

1. A wearable human motion applicator comprising: 

a support adapted to be fitted on a part of a hu- 
man body; 

at least one elect reactive elastic actuator car- 
ried by said support in a force-transmitting re- 
lation to said part of the human body, said elas- 
tic actuator including a dielectric core and a pair 
of electrodes on opposite of said core for re- 
ceiving a driving DC voltage thereacross, said 
elastic actuator having a length and elastically 
expanding in the lengthwise direction and 
therefore exerting a stretching force to said part 
of the human body to a greater extent as said 
driving DC voltage increases, 
a DC voltage source for providing said driving 
DC voltage; 

a controller which applies said driving DC volt- 
age of varying levels to said elastic actuator, 
thereby generating a varying motion-inducing 
force to be applied to said part of the human 
body. 

2. The wearable human motion applicator as set forth 
in claim 1, wherein 

said support is made of a flexible material and 
is adapted to be fitted around said part of the human 
body to give a tubular configuration surrounding 
said part, 

said actuator being secured to said support 
so as to deform elastically together with said sup- 
port. 

3. The wearable human motion applicator as set forth 
in claim 1 , further including: 

a motion sensor which senses a motion of said 
part of the human body and provides a motion 
signal indicative of a quantity of the motion be- 
ing made, 

said controller, in response to said motion sig- 
nal, applying said driving DC voltage of a level spe- 
cific to said motion signal. 

4. The wearable human motion, applicator as set forth 
in claim 1 , further including 

a signal generator which generates a random 
signal indicative of the driving DC voltage var- 
ying randomly, 


said controller applying to said elastic actua- 
tor the driving DC voltage which varies randomly in 
accordance with the random signal. 

5 5. The wearable human motion applicator as set forth 
in claim 1, further including: 

a direction sensor which senses a direction of 
a motion being made at said part to provide a 
10 direction signal indicative of the direction of the 

motion, 

said controller providing a motion-assist- 
ing mode and a motion-training mode, said mo- 
tion-assisting mode being such that said cbn- 
15 trailer, in response to said direction signal, 

gives said driving DC voltage of a level that de- 
forms said elastic actuator in a direction of as- 
sisting the motion being made by the human 
body, and 

20 said motion-training mode being such 

that said controller, in response to said direction 
signal, gives said driving DC voltage of a level 
that deforms said elastic actuator in a direction 
of opposing the motion being made by the hu- 

25 man body. 

said applicator further including a selec- 
tor which activates one of said motion-assisting 
mode and said motion -training mode, selec- 
tively. 

30 

6. The wearable human motion applicator as set forth 
in claim 1 , wherein 

said support is adapted to be fitted around a 
joint of the human body, said applicator including a 
35 motion sensor which senses a direction and a quan- 
tity of the motion around said joint to provide a mo- 
tion signal indicative of the direction and the quan- 
tity of the motion; 

said controller, in response to said motion sig- 
40, nai, applying to the elastic actuator the driving DC 
voltage of a level deforming the elastic actuator in 
a direction of assisting the bending or unbending of 
the joint. 

^5 7. The wearable human motion applicator as set forth 
in claim 2, wherein 

said support of tubular configuration has a 
lengthwise axis and is adapted to be fitted around 
a joint of the human body, . 
50 two said elastic actuators being disposed on 

diametrically opposite ends of said tubular support 
about said lengthwise axis in correspondence to the 
front and rear sides of the joint, respectively, each 
of said elastic actuator being supplied with said driv- 
es ing DC voltage of varying level, 

said applicator including a motion sensor 
which senses a direction and a quantity of the mo- 
tion around said joint to provide a motion signal in- 
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dicative of the direction and the quantity of the mo- 
tion being made; 

said controller, in response to said motion sig- 
nal, selecting one of said elastic actuators and ap- 
plying thereto the driving DC voltage of a level ex- 5 
panding the same elastic actuator in a direction of 
assisting the bending or unbending of the joint. 


10. The wearable human motion applicator as set forth 
in claim 3, wherein 

said controller includes a table storing a plu- 
rality of programs respectively assigning different 
levels of said driving DC voltage to the sensed 
quantity of the motion, 

said controller also inducing a program selec- 
tor which selects one of said programs for deform- 
ing said elastic actuator in accordance with the se- 
lected program. 

1 1 . The wearable human motion applicator as set forth 
in claim 1 , wherein 

said elastic actuator comprises at least one 
fiber each composed of said dielectric core of a hol- 
low cylinder and said electrodes disposed respec- 
tively on the outer and inner surfaces of the hollow 
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8. The wearable human motion applicator as set forth 
in claim 7, wherein 

said controller, in response to said motion sig- 
nal, selects one of said elastic actuators and applies 
thereto said driving DC voltage of a high level ex- 
panding the same elastic actuator and at the same 
time applies to the other elastic actuator said driving 15 
DC voltage of a low level contracting it from an ex- 
panded condition for assisting the bending or un- 
bending of the joint. 

9. The wearable human motion applicator as set forth 20 
in claim 2, wherein 

said support of the tubular configuration has 
a lengthwise axis and is adapted to befitted around 
a torso of the human body, 

two said elastic actuators being secured on 25 
said support and each shaped into a band extend- 
ing around said lengthwise axis, two said elastic ac- 
tuators extending at different angles with respect to 
said lengthwise axis to cross with each other, 

said applicator including motion sensing 30 
means which senses amounts of strains of said tor- 
so respectively about said lengthwise axis as well 
as a horizontal axis perpendicular to said length- 
wise axis, and provides a strain signal indicative of 
the amounts of the strains, 35 

said controller, in response to said strain sig- 
nal, gives to said elastic actuators respectively the 
driving DC voltages of varying level in order to elas- 
tically deform said elastic actuators in a direction of 
reducing the amounts of the strain. 


40 


cylinder. 

12. The wearable human motion applicator as set forth 
in claim 11, wherein 

said dielectric core of the hollow cylinder is 
filled with one of said electrode to give a solid struc- 
ture to said fiber. 

13. The wearable human motion applicator as set forth 
in claim 11, wherein 

a dielectric sheath surrounds said electrode 
on the outer surface of said dielectric core. 

14. The wearable human motion applicator as set forth 
in claim 11 , wherein a plurality of said fibers are 
packed together. 

15. The wearable human motion applicator as set forth 
in claim 11 , wherein 

at least one strand of said fiber is woven to 
make said elastic actuator into a knitted structure 
having its own resiliency that is additive to the elas- 
tic deformability given to said fiber. 

16. The wearable human motion applicator as set forth 
. in claim 15, wherein said elastic actuator is knitted 

into a cylindrical configuration. 

17. The wearable human motion applicator as set forth 
in claim 16, wherein 

said elastic actuator of cylindrical configura- 
tion fits intimately on said support which is shaped 
into an analogous cylindrical configuration and is 
made flexible. 

18. The wearable human motion applicator as set forth 
in claim 16, wherein 

said elastic actuator of cylindrical configura- 
tion defines a major part of said support to be fitted 
around the part of the human body. 


19. The wearable human motion applicator as set forth 
in claim 11 , wherein 

said fiber is coiled to define said elastic actu- 
45 ator of a cylinder configuration. 

20. The wearable human motion applicator as set forth 
in claim 1, wherein 

said elastic actuator has said dielectric core 
50 in the form of a resilient sheet having a front surface 
and a rear surface which are coated respectively 
with said electrodes, 

each of said electrodes comprising a plurality of 
flexible pads which are deposited in spaced relation 
55 with each other and are electrically interconnected 
to have the same potential. 

21 . The wearable human motion applicator as set forth 
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in claim 1 , wherein 

said elastic actuator has said dielectric core 
in the form of a resilient sheet having a front surface 
and a rear surface which are formed respectively 
with said electrodes, 5 
each of said electrodes being shaped in the form of 
a perforated membrane having a plurality of voids 
for making the electrode flexible. 

22. The wearable human motion application as set forth 10 
in claim 21 , wherein 

said elastic actuator has a plurality of said di- 
electric cores each in the form of a resilient sheet, 
and a plurality of said electrodes each being in the 
form of a meshed membrane having a plurality of is 
voids for making the electrodes flexible, 
said electrodes and said dielectric cores being lam- 
inated alternately. 

23. The wearable.human motion application as set forth 20 
in claim 20, wherein 

said elastic actuator is shaped into a cylindri- 
cal configuration so as to surround the part of the 
human body. 

25 

24. The wearable human motion application as set forth 
in claim 21 , wherein 

said elastic actuator is shaped into a cylindri- 
cal configuration so as to surround the part of the 
human body. 30 

25. The wearable human motion applicator as set forth 
in claim 1 , wherein 

said elastic actuator is mechanically pre-com- 
pressed in one particular direction to produce a me- 35 
chanical spring force which is additive to the electro- 
active force generated by the application of said 
driving DC voltage. 

26. The wearable human motion applicator as set forth 40 
in claim 1 , wherein 

said electrodes are mechanically pre-com- 
pressed to give said mechanical spring force. 

45 
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